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Des ription 

[0001] The invention relates to an ink jet printing sys- 
tem comprising a print head, a replaceable ink contain- 
er, an ink supply system connecting the ink container to 
the nozzles of the print head, and a temperature control 
system controlling the temperature of the ink in the ink 
supply system. 

[0002] The invention further relates to an ink container 
for use in such a printing system and to a method of 
preparing and filling such an ink container. 
[0003] It is well known in the art of ink jet printing that 
the viscosity of the ink being used has a critical impact 
on the performance of the print head and on the quality 
of the printed image, mainly because the viscosity of the 
ink influences the size of the ink droplets that are gen- 
erated by the print head and are then deposited on the 
recording medium. Since the viscosity depends on the 
temperature of the ink, printing systems of the type in- 
dicated above are equipped with a temperature control 
system which controls the operating temperature of the 
ink and thereby indirectly controls the ink viscosity. 
[0004] In an ink jet printing system intended for oper- 
ation at a temperature close to room temperature, the 
ink may be heated beyond admissible limits by the heat 
energy dissipated in the print head in the course of drop- 
let generation. In view of this problem, US-A-5 1 68 284 
discloses a temperature control system in which the 
print head is caused to generate non-printing pulses the 
energy of which is not sufficient for generating an ink 
droplet and the only purpose of which is to dissipate to 
the ink an amount of heat which is comparable to the 
amount of heat created in a drop generating process. 
Thus, the equilibrium between heat generation in the 
print head and heat dissipation to a heat sink can be 
stabilised regardless of the number of droplets being 
generated per time unit. By controlling the number and/ 
or energy of the non-printing pulses, it is then possible 
to control the temperature of the ink either in an open 
loop or in a closed loop. 

[0005] In a hot melt ink jet printer, where the operating 
temperature of the ink is in the order of 1 00°C or more, 
a temperature control system is generally needed for 
keeping the ink at the operating temperature. EP-A-0 
416 557 discloses a temperature control system which 
is used for adapting the operating temperature and 
hence the viscosity of the ink to the type of recording 
medium being used. The optimal viscosity of the ink is 
determined beforehand for a number of different types 
of recording paper. Then, the target temperature of a 
temperature control system is set to a value at which the 
viscosity of the ink corresponds to the optimal viscosity 
for the recording paper that is currently being used. Of 
course, since the viscosity of the ink depends not only 
r>n tho temperature but also on the chemical composi- 
tion of the ink, and is prerequisite in such a system that 
the chemical composition of the ink is known. 
[0006] It is a general principle in the art of ink jet print- 
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ing that a specific print head should only be used with a 
specific type of ink. If a different type of ink is used which 
is not adapted to the specific print head, then the devi- 
ation of the ink viscosity from the value for which the 

5 print head is designed may result in a poor quality of the 
printed image or even in damage to the print head. It 
has therefore always been a concern of manufacturers 
of ink jet printers to make sure that the printers are used 
only with the specified type of ink. To this end, it has 

10 been proposed for example in US-A-5 049 898 and 
DE-A-34 05 164 that the ink container is provided with 
a memory element, e.g. a magnetic strip, a bar code or 
an electronic memory chip, the contents of which can 
be read when the container is mounted to the print head. 

15 The memory element may include among others infor- 
mation on the type of ink contained in the container, and 
when the type of ink read from the memory element 
does not match with the type of ink prescribed for the 
print head, then the printing operation will be block d. 

20 in this case, the memory element may also include in- 
formation on the amount of ink that is initially or currently 
contained in the ink container, and by monitoring the 
consumption of ink in the printer, it is possible to alert 
the user when the supply of ink in the container is going 

25 to be exhausted. This system may also be used to pre- 
vent unauthorised refilling of the ink container, thereby 
assuring that the container will always contain the type 
of ink that is specified on the memory element. 
[0007] US-A-5 502 467 discloses an ink jet print head 

30 which includes a viscosity detector with which the vis- 
cosity of the ink can be measured directly, and the result 
of this measurement is then fed back to the temperature 
control system, so that the temperature of the ink is var- 
ied in order to feedback-control the viscosity of the ink 

35 to a given target value. However, this system has the 
drawback that an expensive viscosity detector is need- 
ed for measuring the viscosity with sufficient accuracy. 
In practice, the viscosity detector is formed by a f luidic 
bridge circuit which only detects the offset of the viscos- 

40 rty from a preset target value. As a result, it would be 
difficult to vary the ink viscosity in accordance with the 
properties of the recording medium. In addition, the op- 
timal viscosity of the ink may be different for different 
types of ink, e.g., for different ink colours in a multi-col- 

45 our printer. Thus, even when the viscosity is measured 
directly in the print head, it is difficult to keep the viscosity 
of inks of different type at the optimal value for obtaining 
high quality printed images. 

[0008] It is an object of the present invention to pro- 
50 vide an ink jet printing system in which a reliable oper- 
ation of the print head and a high quality of the print d 
image can be assured in spite of variations in the com- 
position of the ink that is being used. 
[0009] According to the invention, this object is 
55 achieved by the feature that an information permitting 
to determine an optimal operating temperature for the 
ink is physically encoded on the ink container so as to 
be read by the temperature control system. The infor- 
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mation permitting to determine an optimal operating 
temperature may in the simplest case consist of a target 
value to which the temperature of the ink in the ink sup- 
ply system shall be controlled. More generally, this in- 
formation may include a plurality of target values among 
which a specific target value may be selected in re- 
sponse to other printing parameters, e.g. the type of 
print head and/or the type of recording medium. In yet 
another embodiment, this information may include one 
or more target values for the viscosity of the ink, along 
with a table or a function establishing a relation between 
temperature and viscosity for the specific ink contained 
in the container, the information may further include the 
time dependency of the optimal target value, e.g. in view 
of ageing if the ink. In any case, when the ink container 
is inserted in the printer, the temperature control system 
can derive the target value for the temperature from the 
information encoded on the container, so that the oper- 
ating temperature of the ink is optimally adapted to the 
composition of the ink and, as the case may be, to other 
printing parameters. This assures a very high print qual- 
ity even in cases where the composition of the ink being 
used is not always exactly the same. 
[001 0] It is accordingly a remarkable advantage of the 
invention that one and the same printer may accept dif- 
ferent types of ink, because the viscosity of the ink can 
automatically be adapted to the demands of the print 
head by appropriate temperature control. This reduces 
significantly the expenses for manufacturing, storing, 
administrating and distributing suitable types of ink con- 
tainers to a large number of customers using different 
types of printers. 

[0011] On the other hand, even when only a specific 
type of ink is to be used for a given printer, the invention 
has the advantage that a higher quality of the printed 
images can be achieved. The reason is that, due to 
slight variations in the manufacturing conditions, the 
chemical and physical properties of the ink may vary 
even when the type of ink is not changed. This is espe- 
cially the case if ink containers of the same type have 
been produced in different batches. Then, the manufac- 
turer of the ink containers may measure the properties 
of the ink for each individual batch, and the optimal op- 
erating temperature or viscosity of the ink is derived from 
this measurement and is encoded on the ink containers 
which are filled with the ink of the pertinent batch. As a 
result, slight changes in the properties of the ink from 
batch to batch may be reflected by corresponding 
changes in the information given on the ink containers. 
[0012] Useful details of the invention are specified in 
the dependent claims. 

[0013] The physical encoding on the ink container is 
preferably in the form of a digital electronic memory, e. 
g. an integrated circuit chip (an EPROM for example) 
that has been suitably programmed on behalf of the ink 
manufacturer. As is generally known in the art, this chip 
may also include other useful information, such as a se- 
rial number of the ink container, the date of production, 
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the amount of ink contained in th container, and the 
like. If desired, this chip may also be used for refill pro- 
tection, for example by programming the chip to send a 
disabling signal to the printer once the contents of the 

5 container have become exhausted. 

[0014] The power supply for the chip and the ex- 
change of signals between the chip and the printer may 
be provided for by a plurality of mating electrical con- 
tacts on the ink container and on a socket of the print 

10 head to which the container can be fitted. As an alter- 
native, the electronic chip may form part of a transpond- 
er which is adapted for wireless power supply and data 
exchange, as is generally known in the art. 
A preferred embodiment of the invention will now be de- 

15 scribed in conjunction with the drawings, in which: 

Fig. 1 is a schematic view of a printing system ac- 
cording to the invention; 

Fig. 2 is a diagram illustrating a time dependency 
20 of an ink operating temperature; 

Fig. 3 is a table of contents of a memory chip of an 
ink container; and 

Fig. 4 is a diagram illustrating a method of preparing 
ink containers. 

25 

[0015] The ink jet printing system shown in figure 1 
comprises a four-colour print head 1 0 having four noz- 
zles blocks 12, one for each colour, and each nozzle 
block has a linear array of nozzles 14 through which ink 

30 droplets are jetted-out as the print head 1 0 scans the 
surface of a recording medium (not shown). Each nozzle 
block 1 2 has a socket (not shown) to which an ink con- 
tainer 18 is fitted or connected via a duct. The ink con- 
tainers 1 8 shown in figure 1 have relatively small dimen- 

35 sions in comparison to the nozzle blocks 10. It will be 
understood however that, in practice, the size of the ink 
containers 1 8 may be considerably larger, so that the 
amount of ink originally filled therein may be as large as 
350 ml or even 500 ml. 

40 [0016] Each of the nozzles blocks 1 2 has an ink sup- 
ply system which connects the corresponding ink con- 
tainer 1 8 to each of the nozzles 1 4. The ink supply sys- 
tem is represented here as an ink reservoir 20 formed 
in each nozzle block 12. Each nozzle 14 is connected 

45 to the ink reservoir 20 through an ink channel which has 
not been shown in the drawing for simplicity. An actuat- 
ing mechanism for drop generation is associated with 
each of the ink channels, so that each nozzle 14 may 
be energised individually. The actuating mechanisms 

so may be of any known type, e.g. a bubble-jet mechanism , 
a piezoelectric mechanism and the like. 
[0017] Each of the ink reservoirs 20 has a heating el- 
ement 22 and a temperature sensor 24 which are each 
electrically connected to a control unit 26 which controls 

55 the temperature of the liquid ink contained in the ink res- 
ervoir 20. The temperature sensor 24 is located in prox- 
imity to the nozzle side of the ink reservoir 20 so as to 
detect the temperature at which the ink is supplied to 
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the nozzles. 

[0018] By way of example, It may be assumed that th 
print head 10 Is a hot melt ink print head. Then, the ink 
containers 18 may contain solid ink pellets which are 
dropped one-by-one into the ink reservoirs 20 upon de- 
mand, and the ink is heated and melted in the ink res- 
ervoirs 20 by means of the heating element 22. 
[0019] It will be understood however that the invention 
is also applicable to ink systems operating at room tem- 
perature. In this case, the ink containers 18 will contain 
liquid ink. In case the containers are made such that they 
fit into a socket on the printhead the container is scaled 
by a seal (not shown) which is automatically broken 
when the container is plugged into the socket 16, as is 
well known in the art. If the ink is liquid at room temper- 
ature, the the heating element 22 is used only to heat 
the ink to an operating temperature which may be slight- 
ly above room temperature. Optionally, the heating ele- 
ment 22 may be replaced by a cooling element or a heat- 
ing/cooling element such as a Peltier element, so that 
the operating temperature of the ink may be controlled 
to a value which is at or even slightly below the ambient 
temperature. 

[0020] Each ink container has a memory chip 28, e. 
g. an integrated circuit semiconductor chip, which, in the 
example shown, is embedded in the plastic wall of the 
ink container 18 and has contacts (not shown) exposed 
to the outside, so that they may be contacted by a read- 
ing head 30. Each reading head 30 is connected to the 
control unit 26. 

[0021 ] Each memory chip 28 stores information which 
is processed in the control unit 26 to determine a target 
value to which the temperature of the ink in the ink res- 
ervoirs 20 is controlled when the print head 10 is oper- 
ating. In the simplest case, this information may consist 
just of the target value itself, and this target value is spe- 
cifically adapted to the type of ink contained in the ink 
container 1 8, so that the operating temperature and vis- 
cosity of the ink in the ink reservoir 20 is kept at a value 
which is optimal for the specific type of ink. Since the 
four ink containers 18 shown in figure 1 accommodate 
ink of different colour, it will be understood that the target 
values stored in each of the memory chips 28 may be 
different from one another and may be individually 
adapted to the type and colour of the ink. 
[0022] A more elaborated embodiment of the inven- 
tion will now be described in conjunction with figures 2 
and 3. 

[0023] Depending on the ink system employed, the 
ink may be subject to ageing, and, as a result, the opti- 
mal operating temperature of the ink may be time-de- 
pendent. The graph 30 shown in figure 2 illustrates a 
linear relationship between the optimal operating tem- 
perature T of the ink and the time t. When the ink con- 
tainer 18 is filled with fresh ink on the side of the man- 
ufacturer at the time t = 0, the corresponding optimal 
operating temperature isT(O). With the lapse of ac rtain 
time interval At (which may be in the order to several 



months or years), the optimal operating temperatur T 
increases by an amount AT. Thus, the optimal operating 
temperature (T(t)) at any given time t will be given by 
the formula: 



T(t) = T(0) + (AT/ At), t 

[0024] Rgure 3 illustrates an example of the contents 

10 that may be stored in the memory chip 28. These con- 
tents comprise a 64 bit serial number and 256 bit of ad- 
ditional information. This additional information includes 
the colour of the ink, the ink type (specifying the chem- 
ical composition of the ink), the initial Quantity of ink filled 

is into the ink container on the side d he manufacturer, 
the filling date and the parameters T(0) and AT/At the 
meaning of which has been expained above. These pa- 
rameters are given, in the form of a tabel, for two differ- 
ent types of printers A and B. Thus, provided that the 

20 printer A or B has an internal clock or has access to the 
current date through a network, the control unit 26 is 
capable of calculating the time-dependent optimal ink 
temperature T on the basis of the formula given above, 
wherein t is the time difference between the current date 

25 and the filling date stored on the memory chip, and the 
parameters T(0) and AT/At are looked-up in the perti- 
nent column of the table. 

[0025] Figure 4 illustrates a method for preparing the 
ink containers 18, i.e., for filling the ink containers with 

30 ink and programming the memory chip 28. 

[0026] In a first step, a batch of ink 32 sufficient for 
filling a large number of ink containers 1 8 is prepared in 
a tank 34. Then, in a filling station 36, the ink 32 is filled 
into the various containers 18, and the containers are 

35 sealed. A small portion of the ink 32 is taken from the 
tank 34 as a sample 38 and is supplied to a viscosity 
meter 40. The temperature of the sample 38 in the vis- 
cosity meter 40 is varied, so that the viscosity of the ink 
is measured for a temperature range covering the range 

40 of possible operating temperatures of the print heads 
1 0. The measurement results are supplied to a program- 
ming unit 42. On the basis of the known optimal viscosity 
of the ink 32 for the print head 1 0, the programming unit 
42 determines the target temperature T at which the ink 

45 32 has this optimal viscosity. The temperature value T 
thus obtained is stored in the memory chips 28 of each 
of the ink containers 1 8 either before or after they have 
been filled in the filling station 36. 
[0027] When another batch is prepared in the tank 34, 

so the same procedure is repeated for the new batch, and 
the optimal temperature value T obtained for the new 
batch may be different from that obtained for the former 
one. 

[0028] This process assures that the target tempera- 
55 turesstor d in the memory chips 28 of th ink containers 
18 are precisely adapted to the physical properties of 
the ink produced in one batch. As a result, a uniformly 
high print quality can be obtained regardless of slight 
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batch-to-batch-fluctuations in the physical prop rties of 
the ink. 



Claims 

1 . Inkjet printing system comprising a print head (1 0), 
a replaceable ink container (1 8), an ink supply sys- 
tem (20) connecting the ink container to the nozzles 
(1 4) of the print head, and a temperature control 
system (26) controlling the temperature of the ink in 
the ink supply system (20), characterized in that 
an information (T(0); AT/At) permitting to determine 
an optimal operating temperature forthe ink is phys- 
ically encoded on the ink container (1 8) so as to be 
read by the temperature control system (26). 

2. Inkjet printing system according to claim 1 , wherein 
the physical encoding on the ink container (1 8) is 
formed by an electronic memory chip (28) adapted 
to communicate with a reading head (30). 

3. Ink jet printing system according to claim 1 or 2, 
wherein the print head (10) is a multi-colour print 
head having a plurality of ink supply systems (20), 
and the temperature control system (26) is adapted 
to control the temperature of the ink in each ink sup- 
ply system (20) individually. 

4. Inkjet printing system according to any of the claims 
1 to3 f wherein the ink container (18) contains hot- 
melt ink, and the temperature control system (26) 
includes a heating element (22). 

5. Inkjet printing system according to any of the claims 
1 to 3, wherein the temperature control system (26) 
includes a cooling element. 

6. Ink jet printing system according to any of the pre- 
ceding claims, wherein said information encoded 
on the ink container (1 8) includes at least one target 
value (T(0)) for the temperature of the ink. 

7. Ink jet printing system according to claim 6, wherein 
said information includes a filling date of the ink con- 
tainer and information (DT/Dt) indicating the time 
dependence of the optimal operating terriperature 
of the ink. 

8. Ink jet printing system according to claim 6 or 7, 
wherein said information is in the forrn of a table in- 
dicating different operating temperatures for differ- 
ent types of print head. 

9. Ink container for an ink jet printing system compris- 
ing a print head (10), an ink supply system for con- 
necting the ink container (18) to the nozzl s (14) of 
the print head (10), and a temperature control sys- 



tem (26) controlling the temperature of the ink in the 
ink supply system, characterized in that an infor- 
mation permitting to determine an optimal operating 
temperature forthe ink is physically encoded on the 
ink container (18) so as to be read by the tempera- 
ture control system (26). 

10. Method of preparing an ink container as claimed in 
claim 9, characterized by the steps of preparing a 
batch of ink (32) to be filled into a plurality of ink 
containers (18), measuring the viscosity of the ink 
prepared in that batch, determining the optimal op- 
erating temperature for the ink on the basis of the 
measured viscosity and programming the ink con- 
tainers (18) in accordance with the temperature 
thus determined. 
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